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A B S T R A C T

Background: There is a paucity of studies reporting long-term survival outcomes for HPV/p16 positive or-
opharyngeal squamous cell carcinoma (OPSCC). This study aims to compare long-term outcomes of advanced
stage p16 positive and negative OPSCCs, treated by surgical and non-surgical modalities.
Methods: OPSCC patients from 1998 to 2012 were identified through a prospectively collected cancer registry.
P16 immunohistochemistry was used as a surrogate marker for HPV-OPSCC. Overall survival (OS) and aspiration
free survival (AFS) comparisons were made between patients treated with chemoradiation (CRT) versus primary
surgery and radiation/chemoradiation (S+RT/CRT) at 5, 10 and 15 years post-treatment.
Results: A total of 319 patients were included. P16 positive patients and non-smokers had significantly higher
long-term (5, 10 and 15-year) OS. Smokers and p16 negative patients treated with S+RT/CRT had improved
long-term OS compared to patients who received CRT. Smokers and p16 negative patients had lower long-term
AFS. Multivariate analysis showed improved OS was associated with p16 positivity (HR 0.42, 0.28–0.61) and
surgery (HR 0.47, 0.32–0.69), whereas lower OS was associated with ECOG ≥2 (HR 2.46, 1.61–3.77), smoking
(HR 2.37, 1.41–3.99) and higher stage (HR 1.68, 1.05–2.68).
Conclusions: In smokers and p16-negative OPSCC patients, primary surgery may be associated with improved
long-term survival and dysphagia-related outcomes.

1. Background

The incidence of oropharyngeal squamous cell carcinoma (OPSCC)
is rising at an alarming rate due to an epidemic of oncogenic human
papillomavirus (HPV) [1–4]. In Canada, the incidence of HPV-related
OPSCC (HPV-OPSCC) is expected to soon surpass cervical cancer [5]
and epidemiological estimates suggest these rising trends will continue
for several decades [3]. In contrast to HPV-negative OPSCC, HPV-
OPSCC is more often diagnosed in young men without extensive to-
bacco or alcohol use [6–8]. HPV-OPSCC is associated with favorable

treatment responses and high cure rates and consequently, there is an
emerging population of long-term survivors with sequelae of cancer
therapy that will continue to rise [9,10].

Early studies suggested advanced stage OPSCC should be treated
with either chemoradiation therapy (CRT) or primary surgery with
adjuvant therapy [11,12]. Randomized control trials have identified the
improved outcomes of CRT as compared to RT alone. Several recent
studies have suggested that patients with HPV-OPSCC may have im-
proved outcomes with primary surgery as compared to CRT particularly
in patients with a significant smoking history [13–15]. There remains a
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paucity of literature examining long-term survival outcomes for either
treatment modality [16], though causes of death in patients with HPV-
related and unrelated cancers appear to be quite different [17].

Survivorship refers to the health and life of a person with cancer
post treatment until the time of their death. With improved survival
outcomes, more patients are living with many complex needs. Up to
50% of head and neck cancer patients identify swallowing difficulties as
the primary concern post treatment [18]. Dysphagia has been estab-
lished as a dose-related toxicity of radiotherapy based treatments with
altered swallowing secondary to edema, neuropathy and fibrosis [19].
Aspiration pneumonia remains an underdiagnosed entity in head and
neck cancer patients treated with both CRT and surgery, and can lead to
prolonged gastronomy tube (g-tube) dependence and death [20–22].
Severe swallowing dysfunction has been reported in patients who are
more than 5 years post treatment for OPSCC. This suggests a pro-
gressive nature of dysphagia that could complicate long-term morbidity
and mortality [20].

With rising rates of OPSCC, particularly in younger, otherwise
healthy patients, survival alone is not enough and swallowing impair-
ment and its impact on patients’ quality of life must also be considered
as part of the treatment paradigm. This study aimed to identify long-
term survival (> 10 year) and treatment-related dysphagia outcomes
for advanced stage OPSCC in patients treated with chemoradiation
therapy or primary surgery.

2. Methods

2.1. Patients

Consent to obtain patient data was obtained through the Health
Research Ethics Board at the University of Alberta (Pro00016426
HREBA.CC-16–0829). Patients included in this study were initially
identified through the Alberta Cancer Registry (ACR), a prospectively
collected legally mandated database that includes all patients diag-
nosed with cancer in Alberta [14,23]. Patients treated at the University
of Alberta from 1998 to 2012 with a pathologic diagnosis of OPSCC and
known p16 status were selected for inclusion in this study (Fig. 1). From
1998–2009, p16 status was obtained from a constructed tissue micro-
array as previously reported, using the accepted cutoff for p16 posi-
tivity as> 70% nuclear and cytoplasmic staining [14,24–26]. From
2010–2012, p16 status was obtained from clinical pathology, using the
same cutoff for p16 positivity, performed as standard of care for pa-
tients with OPSCC. Patients were excluded from the study if they did
not receive treatment with intent-to-cure, lost to post-treatment follow-
up or p16 status was not available. Further chart reviews were

completed to construct a database used for further analysis including
the following factors and variables: age, gender, smoking status (de-
fined as positive with>10 pack years [27], dates of diagnosis and
treatment, date of death, cause of death, date last known alive, gas-
trostomy tube (g-tube) dependence, video fluoroscopy swallowing
study (VFSS) data, barium swallowing study data, post-operative length
of hospital stay (LOHS), European Consortium Oncology Group (ECOG)
status, Charleson Comorbidity Index (CCI), treatment type, radiation
type and dose, chemotherapy type and dose, tumor subsite, clinical and
pathologic stage according the AJCC 7th Edition [28], p16 status, ex-
tranodal/extracapsular extension (ECE), perineural invasion (PNI),
lymphovascular invasion (LVI) and post-operative margin positivity.
Patients were categorized into the following intent-to-treat subgroups
for our analysis: 1) surgery and postoperative radiation/chemoradia-
tion (S+RT/CRT), 2) chemoradiation +/- salvage surgery (CRT). Pa-
tients treated with primary surgery tumor extirpation was performed
using a lip-splitting mandibulotomy [29–31] when required for access
or non-robotic transoral approaches. Bilateral selective neck dissections
were performed, with levels 2–4 and unilateral submandibular gland
transfer [32] in N0 necks and 1–5 in node positive necks. All surgically
treated patients were reconstructed with an adipofascial free flap, using
a beavertail modification procedure for tongue base reconstruc-
tion [33–35] and soft palate reconstruction protocols [36]. If patients
did not receive the full radiation and/or chemotherapy intended due to
toxicity, they remained included in the respective treatment group.
Prior to statistical analysis, database accuracy was reviewed in-
dependently by two oncologists and any inconsistencies found were
resolved by consensus.

2.2. Statistical analysis

Survival time was calculated in years from time of pathologic di-
agnosis to date last known alive by follow-up or electronic medical
records, or date of death using a right censoring method. Cause of death
was determined by the ACR and chart reviews. Survival data was
available for patients up to 18.79 years post treatment. However, in one
subset of patients (p16 positive treated with CRT), the longest survival
data available was 12.5 years post-treatment. Comparative analysis of
survival between groups was therefore set at a maximum of 12.5 years.
Aspiration free survival (AFS) was defined as the time of pathologic
diagnosis up to last documented aspiration on barium and/or video-
fluoroscopic swallowing study (VFSS) as measured by a certified speech
and language pathologist. The degree of aspiration of barium was
classified as either 1) no or minimal aspiration, 2) mild to moderate
aspiration and 3) moderate to severe aspiration. Information from VFSS
was categorized as either 1) normal, 2) evidence of significant pene-
tration and 3) evidence of significant aspiration (mild to severe). Data
from barium studies and VFSS was combined to determine whether
patients were aspirating (Supplementary table 2).

SPSS version 25.0 was used for all statistical analyses (SPSS Inc.,
Chicago, IL, USA). The Kaplan-Meir algorithm was used to estimate
overall and disease specific survival, employing the Log-rank test
(Mantel-Cox) to compare data [37]. The Cox proportional hazards
model [38] was used to perform a multivariate analysis of factors and
covariates, including age, sex, TNM staging, tumor subsite, treatment,
smoking status, ECOG, ENE and p16 positivity. ANOVA, Student's t-test,
Pearson's chi-square and the Kruskal-Wallis test were used to calculate
differences between groups where appropriate. Statistical significance
was defined as p < 0.05.

3. Results

3.1. Patient characteristics

A total of 460 patients who were treated and followed at the
University of Alberta were identified for inclusion in this study (Fig. 1).

Fig. 1. Summary of patients included in this study. Patients with no p16 data
did not have adequate specimen for tissue microarray construction
(1998–2009) or had an inconclusive result clinical pathology (2010–2012). UA,
University of Alberta.
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Following further chart review, 30 patients were excluded as they were
misclassified as oral cavity squamous cell carcinoma and 61 patients
had early stage disease (defined by AJCC 7th edition staging). An ad-
ditional 50 patients were excluded from 1998 to 2009 as p16 staining
could not be performed due to lack of pathological material [14]. Ka-
plan-Meier analysis comparing these excluded patients to all other in-
cluded patients showed no significant differences in survival
(Supplemental figure 1).

A cohort of 319 patients with advanced stage OPSCC was included
for comparative analyses in this study (Table 1). When comparing
characteristics between S+RT/CRT and RT/CRT treatment groups, no
statistically significant differences are present in terms of gender, tumor
subsite, p16 positivity or 10 pack year smoking status. Patients treated
with CRT had a more advanced age (61.4 vs 55.7 years, p= 0.001) at
the time of diagnosis and higher percentage of 20 pack-year smokers
(60.9 vs 46.7%, p= 0.04) but had a lower overall TNM stage (71.8 vs
83.1% stage IV, p= 0.022).

Radiation type (conventional vs IMRT) was similar between patients
treated with primary surgery vs CRT, but radiation dose administered
was significantly lower post-operatively (Table 2). The dose of pla-
tinum-based chemotherapy administered was similar between S+RT/
CRT and CRT groups.

3.2. Survival analysis

Stratification of OPSCC patients according to established predictors
of survival, p16 status or smoking, showed significant differences in 10

and 15-year overall survival (OS) (Fig. 2). P16 positive patients had
significantly higher OS compared than p16 negative patients (60.2% vs
29.6% at 10 years and 56.5 vs 21.2% at 15 years, p < 0.001). Non-
smoking patients compared to smokers also had significantly higher
long-term OS (68.7% vs 39.6% at 10 years and 68.7 vs 31.3% at 15
years, p < 0.001).

Long-term OS of OPSCC according to p16 and smoking status was
further stratified according to treatment. In p16 positive patients, 5 and
10-year OS was similar between S+RT/CRT and CRT treatment groups
(Fig. 3). Beyond 10 years, a trend for higher OS is seen for patients
treated with S+RT/CRT. In p16 negative patients, 5 and 10-year OS
was significantly higher is the S+RT/CRT treatment group (46.8% vs
18.5% at 5 years and 40.6% vs 14.8% at 10 years, p < 0.001). Primary
surgery was also associated with higher OS in smokers (Fig. 4) (56.3%
vs 38.9% at 5 years and 47.9 vs 21.9% at 10 years, p < 0.001). In non-
smokers, no significant differences were seen in long-term OS between
S+RT/CRT and CRT treatment groups.

Multivariate analyses of OS was performed to include age, gender,
performance status, smoking, p16 status, TNM stage, treatment and
aspiration (Table 3). Given a significant number of data points missing
for aspiration (135/319), separate Cox regression models were per-
formed to include either all 319 patients or those with aspiration data
available, whereby aspiration is also a covariate. In both models, lower
performance status (ECOG>2), and higher TNM stage were associated
with a significantly higher risk of death, whereas P16 positivity and
primary surgical treatment were associated with a greater than 50%
reduction in risk of death. In a model that includes only patients with
aspiration status available, aspiration was found to be a significant
predictor of overall survival showing a reduced risk of death
(HR=0.32, p= <0.001) in patients free from aspiration (Table 3). In
a model that includes all patients, advanced age and smoking were
associated with a significantly higher risk of death, but these covariates
were not significant in a model that includes aspiration. This may
suggest an interaction between aspiration and age and smoking.

3.3. Long-term dysphagia outcomes

As a measure of long-term dysphagia, aspiration free survival (AFS)
was estimated using Kaplan-Meier analyses. When comparing AFS be-
tween all patients treated with S+RT/CRT vs CRT, no significant dif-
ferences were seen (Fig. 5 A). P16 positive and non-smoking patients
had overall significantly higher AFS (Fig. 5 B, C). In p16 negative pa-
tients, S+RT/CRT was associated with higher AFS (Fig. 6, 46.5% vs
16.3% at 10 years, p= 0.008). In smokers, higher AFS was also ob-
served with surgery (Fig. 6C), but this trend was not significant
(p= 0.059).

G-tube dependency was also measured as indicators of long-term
dysphagia. Between treatment groups, no significant differences were
seen in rates of long-term g-tube dependency (Supplementary Table 1).
Significant differences in long-term OS were seen according to treat-
ment group when stratified by g-tube dependency. All patients who
were free from g-tube in the first 5 years post-treatment had improved

Table 1
Characteristics of patients with advanced stage oropharyngeal squamous cell
carcinoma included in this study.

Demographics S+RT/CRT (n= 202) CRT (n=117) P

Age (mean, SD) 55.7, 8.7 61.4, 11.1 0.001
Gender (%M) 82.2 77.8 0.379
Tumor Subsite (%)
Tonsil 58.9 42.7 0.43
Base of Tongue 30.2 42.3
Soft Palate 2.9 0
Pharyngeal wall 8.0 12.0
TNM Stage (% stage IV vs III) 83.1 71.8 0.022
Clinical T-Stage
T1 25.3 28.9 0.70
T2 41.6 35.6
T3 20.7 20.7
T4 12.4 14.8
Clinical N-Stage
N0 10.1 11.0 0.79
N1 15.0 16.2
N2 69.5 67.6
N3 5.4 5.2
p16 positive (%) 63.3 53.8 0.099
Tobacco smokers (%)
10 pack years 70.9 71.8 0.800
20 pack years 46.7 60.9 0.04

Table 2
Radiation and chemotherapy type and dosage for patients with advanced stage oropharyngeal squamous cell carcinoma included in this study.

Treatments S+RT/CRT (n= 202) CRT (n=90) RT (n= 27) p

Radiation Type (%)*

Conventional 23.2 21.2 48.0 0.226
IMRT 76.2 78.8 52.0
Radiation dose primary (mean Gy)* 55.4 64.5 61.9 < 0.001
Radiation dose neck (mean Gy)* 48.9 59.1 50.3 < 0.001
Chemotherapy dose (mg/m2)** 88.0 85.4 – 0.714

* Radiation doses shown for CRT and RT are shown but means for these groups combined (CRT/RT) are compared statistically to S+RT/CRT.
** Chemotherapy dose for either cisplatin or carboplatin, comparing S+CRT and CRT groups.
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survival. S+RT/CRT treatment was associated with significantly higher
survival outcomes regardless of whether patients were g-tube depen-
dent (Fig. 7).

4. Discussion

With the expanding population of young HPV-OPSCC survivors,
understanding long-term survival and treatment sequelae in these

Fig. 2. Long-term survival of patients with oropharyngeal cancer according to p16 and smoking status. Survival up to 18 years follow-up is shown for advanced stage
OPSCC patients, stratified by A) p16 status and B) smoking. Patients are classified as smokers with a> 10 pack year tobacco smoking history. Log-rank p-values are
show comparing differences pooled over strata. C) 5, 10 and 15-year estimates of overall survival shown for each stratum.

Fig. 3. Long-term survival of patients with oropharyngeal cancer according to treatment and p16 status. Survival up to 12.5 years follow-up is shown for advanced
stage OPSCC patients, stratified according to treatment type in A) p16 positive and B) p16 negative patients. Log-rank p-values are show comparing pairwise
differences between strata. C) 5 and 10-year estimates of overall survival shown for each stratum.
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patients is an important first step in addressing their needs. Long-term
outcome studies of OPSCC survival, dysphagia and causes of death have
been reported others, also with retrospective cohorts. Few studies have
compared surgical and non-surgical treatments and even fewer have

included HPV/p16 typing. This study is unique, as the first to report
long-term outcomes on a large cohort of OPSCC patients comparing
surgical and non-surgical treatments, while incorporating p16 and
smoking status.

To date, long-term survival outcomes studies in OPSCC have been
limited to retrospective studies and few have included HPV/p16
status [39]. Five-year OS for OPSCC have ranged from 46% to 85%
including all stages [39–49] and 40–85% in advanced stage co-
horts [50–53]. The wide range OS estimates likely reflect significant
differences in clinicopathologic features and treatments between these
cohorts. Studies that have reported long-term survival of OPSCC ac-
cording to HPV status, with 5 and 10 year OS estimates of 77–89%
[6,54] and 50–85% [6,39] respectively. Consistent with these studies
our data estimates 5 and 10-year OS for p16 positive patients to be
71.2% and 60.2% for advanced stage OPSCC. Our study is unique not
only in comparing large cohorts of surgically vs non-surgically treated
OPSCC patients but also includes several important prognostic vari-
ables. In follow-up to our previous study comparing survival outcomes
< 5 years post-treatment with a smaller cohort [14], this study shows
smokers and p16 negative patients have improved long-term outcomes
when treated with primary surgical approaches.

P16 positive versus negative OPSCCs are biologically and clinically
distinct, with differences in prognostic factors [24–26,55–62]. In ad-
dition to p16 status, variables such as age, advanced stage, performance
status and history of tobacco use have an increased risk of death and are
important to consider when comparing survival analyses
[6,14,27,63–65]. Inclusion of smoking as a strong independent pre-
dictor or survival should perhaps be considered as important as p16
status. In both surgical and non-surgically treated OPCCC cohorts,
several groups have shown that p16 positive smokers have worse sur-
vival than p16 positive non-smokers [1,4,14,27,66]. In our multivariate
analysis of long-term OS, comparison of treatment modalities showed
primary surgery was associated with a significant reduction in risk of
death (HR=0.47), similar to an independent study [6].

Fig. 4. Long-term survival of patients with oropharyngeal cancer according to treatment and smoking status. Survival up to 12.5 years follow-up is shown for
advanced stage OPSCC patients, stratified according to treatment type in A) smokers and B) non-smokers. Log-rank p-values are show comparing pairwise differences
between strata. C) 5 and 10-year estimates of overall survival shown for each stratum.

Table 3
Multivariate Cox Proportional Hazard Model of survival in 319 patients with
advanced oropharyngeal squamous cell carcinoma.

Overall Survival, N=319 (model without
aspiration)

Covariate Hazard Ratio (95% CI) P

Age 1.03 (1.01–1.05) 0.007
Gender (male vs female) 1.12 (0.72–1.75) 0.607
ECOG (≥2 vs < 1) 2.46 (1.61–3.77) < 0.001
Smoking (vs non-smoker) 2.37 (1.41–3.99) 0.001
P16 positive 0.42 (0.28–0.61) < 0.001
TNM stage IV (vs III) 1.68 (1.05–2.68) 0.030
Surgical treatment (vs RT/

CRT)
0.47 (0.32–0.69) < 0.001

Overall Survival N=184 (model with aspiration
data)

Covariate Hazard Ratio (95% CI) P
Age 1.01 (0.98–1.03) 0.591
Gender (male vs female) 0.73 (0.43–1.24) 0.248
ECOG (≥2 vs < 1) 2.1 (1.34–3.39) 0.001
Smoking (vs non-smoker) 1.55 (0.089–2.69) 0.118
P16 positive 0.47 (0.28–0.79) 0.005
Aspiration Free 0.32 (0.19–0.53) < 0.001
TNM stage IV (vs III) 2.15 (1.11–4.16) 0.024
Surgical treatment (vs RT/

CRT)
0.47 (0.32–0.69) < 0.001

Cox regression models above include variables listed and performed either
without (top) or with (bottom)aspiration events as a covariate. All 319 patients
are included in the model that does not include aspiration as a covariate. The
model with aspiration excludes 135/319 patients as aspiration data was not
available for these patients.
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Fig. 5. Kaplan-Meier Estimates of Aspiration Free Survival in Patients with Oropharyngeal Cancer. The proportion of surviving patients free from aspiration post-
treatment is shown stratified according to A) treatment type, B) p16 positivity and C) smoking status. P-value is shown using the Log-rank test comparing pooled
differences between groups. D) 5, 10 and 15-year estimates of aspiration free survival are shown for each stratum.

Fig. 6. Kaplan-Meier Estimates of Aspiration Free Survival in Patients with Oropharyngeal Cancer Stratified Treatment, Smoking and p16 Status. The proportion of
surviving patients free from aspiration post-treatment is shown compared to surgical vs non-surgical treatments in A) p16 positive patients, B) p16 negative patients,
C) smokers and D) non-smokers. P-value is shown as calculated using the Log-rank test comparing pairwise differences between strata. E) 5 and 10-year estimates of
overall survival shown for each stratum.
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G-tube dependence in our study was higher for CRT as compared to
surgery one year post treatment and higher in the surgical cohort 5
years following treatment. This likely reflects a higher propensity for
prophylactic gastronomy tube placement by the radiation oncologists to
mitigate acute treatment toxicities. Similar findings were identified by
Sharma et al. [67] who compared g-tube dependence in nonsurgical
and transoral robotic surgery (TORS) patients. They identified in-
creased rates of g-tube dependency among patients treated with CRT/
RT at 3 and 6-months post-treatment, with no difference between
groups at one year. Subjective dysphagia was not assessed in this study
but previous studies have shown high rates of self-reported dysphagia
[18,68–70] following chemoradiation therapy with short and long-term
follow-up after therapy.

Unique to this study is the long-term (> 10 year) follow-up for
survival and dysphagia outcomes. One other study, by Kraaijenga [69]
et al. identified 22 head and neck cancer survivors treated with che-
moradiation therapy with a median follow-up of 11 years. They found
56% of patients had moderate to severe swallowing dysfunction with
VFSS evaluations showing penetration or aspiration in 68% of patients.
Our results suggest similar findings with 40–50% of survivors with
evidence of some degree of aspiration on VFSS at 10-years post treat-
ment.

A strong correlation has been identified between radiation dosing
and dysphagia outcomes, with some improvement in subjective and
objective swallowing function with the implementation of
IMRT [27,29,30]. A prospective, longitudinal study by Eisbruch et al.
[71] identified a TD50 (toxic dose of 50%) of 63 Gy, and a TD25 of 56 Gy
for the pharyngeal constrictor muscles to be associated with a higher
rate of aspiration. In the current study, patients in the RT/CRT cohort
received an average of 64.5 Gy, exceeding the TD50; and patients
treated with primary surgery and adjuvant therapy received on average
55 Gy. Ongoing clinical trials are examining oncologic and function
outcomes in patients treated with conventional (70 Gy IMRT) and low
dose (54–56 Gy) dosing in patients with HPV-related OPSCC following
surgical resection [72,73]. The outcomes of these studies will help to

guide optimal radiation dosing in OPSCC.
Although this study provides insight into surgical and non-surgical

treatment outcomes in OPSCC, randomized clinical trials are currently
underway which may provide higher level evidence on this topic. The
NRG HN002 trial is comparing survival and dysphagia outcomes of p16
positive non-smokers randomized to receive either IMRT or IMRT with
cisplatin [74]. The Eastern Cooperative Oncology Group 3311 trial is
addressing the potential for personalized adjuvant treatments in p16
positive OPSCC patients [75]. Based on post-operative pathologic risk
stratification, patients may be observed, treated with low-dose or
standard dose radiation with or without chemotherapy. The ORATOR
randomized phase II trial will compare quality of life and functional
outcomes of OPSCC patients treated with either TORS or RT [76,77].
The outcomes of these trials will likely provide important guidance for
the optimal treatment of HPV/p16 positive OPSCC.

The majority of post-treatment dysphagia research to date has been
in the nonsurgical literature. One recent article by Dale et al. identified
functional outcomes in patients treated with primary surgery [78].
They found similar functional scores on swallowing questionnaires to
studies in the chemoradiation literature. Given the wide variability in
chemotherapy, radiation therapy and surgical approaches (lip-split
mandibulotomy versus transoral); comparisons between the cohorts,
can be challenging; however, survival and functional outcomes must be
assessed to optimize therapy for patients.

Results of this study should be interpreted with an acknowl-
edgement of the following important limitations. Inherent to the ret-
rospective study design, some data points may be inaccurate or in-
complete, especially with respect to dysphagia outcomes. Our data
reports outcomes from a single institution, which may not translate to
other centers with different treatment approaches. The management of
patients from 1998 to 2012 in this study remained largely unchanged,
with no significant alterations in surgical approach or post-treatment
swallowing rehabilitation. Decisions to treat patients either surgically
or non-surgically was largely based on subjective patient preferences,
however, bias from treating physicians, whether intentional or

Fig. 7. Long-term survival of patients with oropharyngeal cancer stratified by G-tube dependency. Survival up to 12.5 years follow-up is shown for advanced stage
OPSCC patients, stratified according to treatment type in A) patients who were free from g-tube> 1 year post-treatment and B) g-tube dependent> 1 year post-
treatment. C) 5 and 10-year estimates of overall survival shown for each stratum.
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unintentional may have influenced treatment pathways. As such, S
+RT/CRT and CRT groups are not perfectly balanced in covariates and
factors which confound outcome measurements. However, a multi-
variate analysis including the most important known covariates sup-
ports survival outcomes demonstrated in univariate analyses.
Classification of HPV positive vs negative OPSCC was done using p16
immunohistochemistry, estimated to have a 5–10% false positive and/
or negative rate [54,55,62]. P16 staining is nevertheless widely used
clinically as an excellent predictor of outcomes [39,79], and is a re-
commended in the current NCCN guidelines [80].

5. Conclusions

In smokers and p16-negative OPSCC patients, primary surgery may
be associated with improved long-term survival and dysphagia-related
outcomes. However, given the imbalanced patient characteristics be-
tween treatment groups compared in this retrospective analysis, further
prospective studies are suggested to validate these findings.
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